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Summary 
 
 The Walsh functions form an orthonormal complete set. Thus a Walsh series 
expansion of a function may be obtained in a similar fashion to the commonly used 
trigonometric Fourier expansions.  These functions are applied extensively in many 
different fields such as radar target discrimination, data compression, filtering, etc. 
 In 1973 Corrington developed a procedure to solve differential and integral 
equations. After converting the differential equations into Volterra integral equations of 
the second kind, all functions were expanded as truncated Walsh series and then an 
iterative technique was applied to obtain the solution. For the linear differential equation, 
Sloss and Blyth in 1994 established that the rate of convergence for the iteration (with the 
number of terms in the Walsh series expansion fixed) is linear and the Corrington method 
is second order convergent (as the number of terms in the Walsh series expansion is 
doubled). The accuracy of the method is still quadratic for the class of nonlinear problems 
as considered by Sloss and Blyth. 
 Although Walsh function methods are spectral methods, they are naturally 
associated with a grid where the unit interval is divided into m equal width subintervals. 
The efficiency of the incorporation of multigrid techniques with the Walsh function 
method has been thoroughly investigated in this thesis. For efficiency, nested iteration 
across the grid level is used. However this can be made more efficient by generating good 
starting values at each grid refinement level. This is done by using the fact that the error 
decreases (approximately) by a factor of 4 as the number of grid points is doubled. This 
means that Richardson extrapolation can be used to provide a seed for initiation of the 
iteration on the refined grid. For the linear case, adapting  v-cycles where the iteration was 
initialized using a modified Richardson extrapolation was implemented to improve the 
iteration at each level as well as to improve the final result.  The v-cycle method is 
unavailable for the nonlinear case. However the type of extrapolation still can be applied. 
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Some numerical experiments were carried out and the method significantly improved the 
efficiency. 
 Integral equations of Volterra type can be rewritten as Fredholm type with a 
modified kernel. An efficient method to approximate the kernel has been proposed. 
Initially the calculation of the kernel was performed on the finest grid, thence to the less 
fine grid until the coarsest grid is reached. This approach with the incorporation of a 
multigrid method was illustrated with some numerical experiments. Consequently, this 
was shown to give a substantial improvement in the efficiency of the Walsh function 
methods. 
